Abstract -The primary structure determina peptides has made rapid progress in the recent years and became an increasingly important tool of basic and applied research in various areas of biochemistry, molecular biology, medicine and biotechnology. Direct amino acid sequence analysis is frequently applied in combination with mass spectrometry or DNA-sequencing of the protein's gene. Summarized are the essential techniques which facilitate protein purification and sequence analysis in the picomole scale, such as HPLC chromatography, blotting for direct amino acid analysis and N-terminal sequencing. Modern sequencer design is outlined.
INTRODUCTION
Proteins consist of one or more linear chain(s) of polypeptides that are composed of 20 different amino acids and folded in an unique three-dimensional structure which is characteristic for each protein and enables the high specificity of the molecule. Proteins are the main constituents of the biomolecule mass in the cell; they comprise about 55% of its dry weight [l] and perform many essential functions. They catalyse all processes in the cell, carry out molecule transport, respond to antigens and constitute receptor sites; they are involved in processing, gene regulation and signal transduction; together with lipids and carbohydrates they build walls and laminar structures or compartments; they are main constituents of organelles, viruses and phages. Sequence analysis of peptides and proteins is the basis for any three-dimensional structure analysis and hence, for a deeper understanding of their role in the various important processes o n a molecular level. The cytoplasm of cells contains more than 100,000 individual proteins, of diverse sizes, properties and amino acid compositions. The proteins may show modifications, such as phosphorylations, methylations, acetylations or can be associated with lipids and carbohydrates [ 2 ] . These many differences in the primary structure cause not only the high variety of proteins, but also reflect the difficulties in their structure analysis. Hence, approaches for their purification and structure determination must be adapted to each type of protein and to certain research topics. Each individual protein or polypeptide mixture may cause specific problems. It needs much experimental skill and know-how to select the optimal techniques in a certain case which is not easy and straightforward. This is one of the reasons why protein structure analysis is s o challenging.
In this article techniques are discussed which are applicable to proteins and peptides available in only picomole quantities. Emphasis is laid on methods which are implemented in recent protein-chemical research studies in many fields in biochemistry, molecular biology, medicine and biotechnology. Most recently, these methods are applied to study differences in proteins of normal cell extracts and that of dis-537 However there are many proteins that cannot be purified by reversed phase HPLC. These are large proteins with molecular masses of more than 30 to 5 0 kDa or rather hydrophobic polypeptides, such as membrane proteins. I n these cases HPLC size exclusion chromatography may be applicable, but usually the resolution of proteins that have similar molecular masses is very low by this method. Therefore conventional column chromatography or affinity column separations are in use. Alternatively, these proteins have to be isolated by genetic engineering and overproduction in bacteria. Recently, a preparative electrophoresis system of high performance has been designed which provides a n alternative to the above mentioned methods [17] . It may be applied where the other isolation techniques fail or for rechromatography of unresolved HPLC fractions.
Purity check
Protein structure determinations require isolates of high purity. If this is not the case and the isolate contains more than one polypeptide chain or other contaminants (such as salts) ambiguous results in the amino acid composition as well as in the N-terminal sequence analysis will be obtained. Controls of the purity have to be made, by i) chromatography in at least two to three different separation systems, ii) by one-dimensional and two-dimensional polyacrylamide electrophoresis, respectively, or by isoelectric focussing. The gels may be performed in stamp size for nanogram protein amounts [la]; another new sensitive tool is capillary electrophoresis [19] . Although these tests are all very useful they may not be sufficient when similar sized or charged components are in the mixture. Therefore in addition the N-terminal sequence should be established by the Edman chemistry [20] . Since a contaminating peptide may be N-terminally blocked mass spectrometry is further applied. The mass ion(s) of the sample by time-of--flight or laser desorption mass spectrometry (see blow) may be determined.
Only if the polypeptide is tested by various of these methods one may arrive at a final proof of purity. These techniques are of extreme importantance in the pharmaceutical industry where the purity of synthetic peptides or proteins that are produced by overexpression have to be proven. In summary, to decide whether a n isolate is purified, takes much effort and time, and the needs for sophisticated equipment are high.
A M I N O ACID ANALYSIS
Diverse amino acid analyzers are commercially available which allow a quantitative determination of the amino acid content of a protein.
These are based on post-column derivatization by ninhydrin after separation of the unmodified amino acids, or alternatively, on precolumn derivatization and HPLC separation of the modified components, e . g . after ortho-phthaldialdehyde (OPA) reaction, derivatization with phenylisothiocyanate (PITC), with dansyl-or dabsyl chloride or by the FMOC reagent. I n recent articles these techniques are described and their advantages and limitations are discussed [21, 22] . Y e t , none of the present techniques available to date allow high accuracy (with deviations of less than 5 % ) for low picomole to femtomole protein amounts . We improved the performance of the Beckman sequencer considerably The new sequencer parts are now also in use in automates for peptide and oligonucleotide synthesis and DNA sequence analysis (Applied Biosystems, Biotronik, Abimed).
MICRO SEQUENCING TECHNIQUES

Manual methods
Sequence
Furthermore, the essential sequencer parts allowed the construction of machines also for other DUIDOSes. 
Recent and new developments
Updated sequencer design follows the tendency to further miniaturize the essential parts and to increase the sensitivity to low picomole/-femtomole quantities by i) the construction of miniaturized flow--through type reactors, ii) the direct use of PVDF membranes for sample application or of PVDF-blots without the need to apply polybrene--treated glass fibers, iii) arrangement of the delivery valve system in a circular fashion around the reactor and converter [51] in order to allow short connections between the delivery lines and the reactor vessels, the complete ommission of oxygen penetration, and fast injection of the released amino acid derivatives into the in-machine online HPLC-detection system, iv) use of narrow-bore columns in the HPLC-system, v) on-line identification with an advanced detector for higher sensitivity, vi) application of fluorescent Edman-type reagents or derivatization of the released amino acids with a fluorescent reagent, vii) introduction of new chemistries. Further approaches are feasible, namely by the direct injection of the released anilino-thiazolinone-(ATZ)-amino acids into an on-line detection system and on--line sequencer connections to others than microbore HPLC, namely to capillary electrophoresis, gas chromatography or to LC/MS mass spectrometers. Such developments are under way.
Alternative approaches
Protein sequence determinations benefit largely from alternative techniques, e.g. DNA-sequencing of the protein's gene and from recent developments in mass spectrometry [54-591. Several new mass spectrometers are available ( e . g . , double focussing sector field instrument, 252Cf-plasma desorption time-of-flight MS, electrospray quadrupole MS/MS, laser desorption technique) which enable high mass ion determination of proteins with masses of more than 50 k D a , and allow to gain sequence information of fragments with only picomole quantities of substance. In combination with GC or HPLC (by an electrospray or ionic spray split system) these instruments provide alternative protein structural analysis. Mass spectrometry allows to detect amino acid modifications and unusual or crosslinked peptide structures. The recent mass spectrometers open new perspectives f o r sequence analysis of peptides and proteins. However, all the various approaches have their advantages and imply limitations. Best is to use combinations of the different techniques in order to obtain more sequence informations in short times, in order to save costly peptide, and to arrive at more accurate sequence data.
SUMMARY
In the recent years sensitive and advanced techniques have been developed in protein chemistry to meet the needs of the researchers. The methods serve as sensitive tools in protein-chemical characterization. Progress has been achieved in small scale purification methods, such as HPLC narrow-bore techniques, capillary electrophoresis, blotting after one-and two-dimensional polyacrylamide electrophoresis, as well as in advanced microsequencing. In addition, mass spectrometry of polypeptides has become an important tool for both, the correct assignment of the mass of a protein and for sequence analysis of blocked and modified peptides. By this array of methods peptides can be well characterized in the picomole range. The enhanced technical developments in sequencer construction allowed us to complete the sequence determinations of all proteins from the E . -ribosome until 1980, and since, facilitated the elucidation of many protein sequences from ribosomes of Bacillus stearothermouhilus, Halobacterium marismortui, and of diverse other organisms enabling studies on the evolution of the ribosome [60, 61] . The methods described are essential for quality control of synthetic peptides or proteins obtained by genetic engineering in the chemical and pharmaceutical industry. Direct protein sequencing must prove sequences which are deduced from DNA-sequence work, their correct reading frame and the length of the nucleotide message. However, protein analysis in low pico-to femtomole amounts still faces many limitations and may embarque less reliable results. Therefore, efforts will have to be made to further improve our methodology to meet this challenge.
